Immunochemical studies on the antigenicity and specificity of a-amylases have been carried out by several investigators. McGeachin, Huddleston (1961), MIcGeachin (1963), and McGeachin and Reynolds (1959, 1961) demonstrated that both human salivary and hog pancreatic a-amylases are antigenic for rabbits. The antiamylase sera obtained were found to inhibit almost completely the a-amylase activity of homologous preparations when starch was employed for the assay of residual enzymatic activity. These antisera were found, in addition, to cross-react and to neutralize partially the activity of a-amylases from closely related animal species.
Immunochemical studies on the antigenicity and specificity of a-amylases have been carried out by several investigators. McGeachin, Reynolds, and Huddleston (1961) , MIcGeachin (1963) , and McGeachin and Reynolds (1959, 1961) demonstrated that both human salivary and hog pancreatic a-amylases are antigenic for rabbits. The antiamylase sera obtained were found to inhibit almost completely the a-amylase activity of homologous preparations when starch was employed for the assay of residual enzymatic activity. These antisera were found, in addition, to cross-react and to neutralize partially the activity of a-amylases from closely related animal species.
Similar findings were obtained by Wada and Nomura (1958) and by Wada (1959) The extinction coefficient, E280 mp, of the five-times crystallized enzyme in 0.002 M glycerophosphateHCl buffer (pH 5.9) was found to be 25.1. Amylase activity was assayed by the dinitrosalicylic acid procedure described by Stein and Fischer (1961) with the exception that the optical density at 540 m, was converted to milligrams of maltose from a standard curve established with chromatographically pure D(+)-maltose in the presence of 0.5% starch rather than in a plain glycerophosphate-HCl buffer (Dahlqvist, 1962) .
B. stearothermophilus a-amylase. A partially purified enzyme preparation employed as antigen was prepared from culture medium of B. stearothermophilus ATCC 7953 (American Type Culture Collection, Washington, D.C.). The purification procedure employed was a modification of the scheme originally employed by Manning and Campbell (1961) to obtain crystalline enzyme. Ion-exchange chromatography was employed in this modified procedure because the enzyme failed to crystallize under conditions employed in this laboratory. Organisms were grown in a culture medium made up as originally described. The 36 to 48-hr culture was filtered, precipitated with ammonium sulfate and sodium sulfate, dissolved, and then precipitated twice with acetone as described by Manning and Campbell (1961) .
The crude enzyme preparation obtained after a second acetone precipitation was further purified by ion-exchange chromatography. Enzyme solution was applied to a DEAE-cellulose column (4 by 45 cm), previously equilibrated with 0.01 M phosphate (pH 8.0) starting buffer. Bound proteins not eluted by starting buffer were removed by gradient elution by use of a gradient of decreasing pH and increasing molarity obtained by means of the cone-sphere assembly described by Tombs et al. (1961) (Campbell and Cleveland, 1961; Campbell and Manning, 1961; Manning, Campbell, and Foster, 1961) .
B. polymyxa amylase. Partially purified amylase from B. polymyxa ATCC 8523 was prepared according to the procedure described by Robyt and French (1964) . Evaporation of volatile products present in the bacterial filtrate as recommended in the original procedure was omitted because of the high viscosity of the culture fluid. A crude enzyme was obtained directly from the culture fluid by ammonium sulfate precipitation, and the precipitate obtained was further purified essentially as described in the original procedure.
The enzymatic activity of the B. polymyxa amylase was determined by the same assay procedure employed for the B. stearothermophilus enzyme, except that 0.067 M phosphate buffer (pH 6.8) was used and enzymolysis was carried out at 40 C rather than at 65 C. One unit of activity is defined as the amount of enzyme producing a 10% reduction in blue value of a 1.0% soluble starch solution at 40 C in 1 min (Robyt and French, 1964 It was purified and crystallized from a culture of P. saccharophila as described by Markovitz, Klein, and Fischer (1956) . Euglena sanguinis amyla.se. Crystalline amylase prepared from E. sanguinis was also obtained from L. Levine. An enzyme suspenision was made in saline to contain approximately 2 mg of protein per ml.
Aspergillus a-amylase. Five-times crystallized enzyme was prepared by the procedure of Stein (1954) . This preparation, shown to conisist of a single antigenic component, was previously described in detail (Sirisinha and Allen, Arch. Biochem. Biophys., in press).
Antienzyme sera. Aintisera to various crude and crystalline a-amylase preparations were prepared in 2-to 3-kg New Zealand white rabbits. Preimmunization bleedings were obtained from all animals and served as serum controls.
Antisera to crude B. subtilis a-amylase. Antisera to crude B. subtilis a-amylase were prepared by immunizing rabbits with mother liquors obtained from the first crystallization. Animals were intravenously injected, over a course of 4 weeks, with a total of 19 mg of nitrogen of alum-precipitated antigen preparation. After 4 months, intravenous booster injections totaling 20 mg of antigen nitrogen in saline solution were given over a course of 4 weeks. Animals were bled 1 week after the last injection to provide hyperimmune sera R4-2C and R5-2C.
Antisera to crystalline B. subtilis a-amnylase. Antisera to six-times crystallized enzyme were prepared by injecting into the foot pads a total of 0.5 mg of protein nitrogen in complete Freund's adjuvanit. Ainimals were bled after 3 weeks, and first course immune sera R57-1C, R79-1C, and R196-1C were obtained. After 10 months, the animals were boostered with a total of 0.8 mg of nitrogen of alum-precipitated antigen. The first injection of this series was given subcutaneously, the second intramuscularly, and the last two intravenously. Animals were bled 1 week later to provide hyperimmune sera R79-2C and R196-2C. Antiserum R57-1C contained 213 jug of antibody nitrogen per 0.25 ml, and antisera R196-2C and R79-1C, respectively, contained 144 Antisera to Aspergillus a-amylase. The preparation and characterization of rabbit anitisera to crtude (R63-1C) and crystalline (R75-1C) Aspergillus a-amylase were previotusly described in detail (Sirisinha and Allen, in press).
Quantitative precipitin studies. Quiantitative precipitin analyses were carried out essentially as described by Kabat and Mayer (1961) . Total nitrogen of washed specific precipitates was determined by the Markham micro-Kjeldahl method (Kabat and Mayer, 1961) . The nitrogen content of the partially purified B. stearothermophilus a-amylase preparatioin employed as antigen in quantitative precipitation was also determinied by micro-Kjeldahl analysis.
Localization of a-amylase activity. Localization of a-amylase activity of B. stearothermophilus preparations was made on immunoelectrophoresis plates after arcs of specific precipitate had fully developed. This was done by carefully placing in contact with the agar plate a strip of filter paper impregnated with 1% soluble starch in 0.3 M acetate buffer (pH 4.6) containing 0.1 M CaC12. The plate and strip were then incubated in a moist chamber at 55 C for 60 to 90 min. At the end of the incubation period, the strip was left in situ, and iodine solution containing 3 mg of iodine and 30 mg of potassium iodide per ml was applied to the paper. Areas in which a-amylase activity was present in the agar appear on the paper as lightyellow spots surrounided by a dark-blue background of the uindigested starch-iodine complex. The center of curvature of the yellow amylase spot on filter-paper strips was always found to coincide with the center of curvature of the most cathodal migrating antigen component of B. stearothermophilus preparations.
Enzyme neutralization assays. Inhibition of aamylase activity by antisera was estimated by incubatinig 0.5 units of B. stearothermophilus enzyme with 0.5 ml of serum at 37 C for 1 hr and comparinig the residual activity of the amylaseantiamylase mixture with that of an equal amount of free enzyme. Enzyme incubated with normal rabbit sertum was also included. Under these conditions of assay, no visible precipitation with antisertum was observed. The trace amount of serum amylase normally present in rabbit sera made Ino significant contribution to the total amylase activity of the mixtures. Assay of amylase activity was carried out as described by Manning and Campbell (1961) (Fig. 2) . These sera gave only a single band of precipitation with either crude or crystalline B. subtilis a-amylase preparations. Whereas antisera to crude B. subtilis a-amylase (R4-2C and R5-2C) could detect seven or eight components in preparations of crude enzyme, these sera showed the presence of only one component in preparations of crystalline enzyme (Fig. 2) . Quantitative precipitin studies carried out with antiserum to crystalline enzyme R196-2C gave a typical precipitintype curve with crystalline amylase (Fig. 5) and showed the presence of 144 ,ug of antibody nitrogen per 0.25 ml of serum. In the region of antibody excess, none of the a-amylase activity added as antigen could be found in supernatant fractions of the reaction mixture; moreover, this antiserum could inhibit the enzymolysis of starch by homologous antigen.
Characterization of anti-B. stearothermophilus a-amylase sera. Antisera to crude preparations of B. stearothermophilus a-amylase (R4206-1C and R4206-2C) were found, by immunodiffusion and immunoelectrophoresis, to contain precipitins for at least nine antigenic constituents of crude enzyme (Table 1) . These sera were able to detect the presence of three antigenically distinct components in B. stearothermophilus amylase preparations partially purified by ion-exchange chromatography. The presence of antienzyme in serum R4206-2C is indicated from the association of amylolytic activity with that antigenic component showing the most cathodal migration in immunoelectrophoreis (Fig. 4) .
Characterization of anti-Aspergillus oryzae aamylase sera. Antiserum to crude enzyme (R63-1C) gave at least seven bands of precipitation in immunodiffusion when diffused against crude enzyme, whereas only one band was obtained with crystalline enzyme. Antiserum to crystalline enzyme (R75-1C) gave one band of precipitation with both crude and crystalline en- (Sirisinha and Allen, 1964, in press ).
Examination of cross-reactivity by immunodiffusion and immunoelectrophoresis. Immunodiffusion findings obtained with various microbial amylases by use of several antiamylase sera are summarized in Table 1 . As indicated in Table 1 , with the antisera employed and within the range of antigen concentrations examined, the only detectable cross-reaction found to occur was between the B. stearothermophilus enzyme and antisera to B. subtilis a-amylase. Agar-diffusion results (Fig. 3) with antiserum (R196-2C) to crystalline B. subtilis a-amylase clearly demonstrate that the partially purified B. stearothermophilus enzyme preparation gives only a single band of precipitation which shows a reaction of interference or "partial identity" (Ouchterlony, 1962) with the band given by crystalline B. subtilis a-amylase.
The finding that antiserum R196-2C completely absorbed with crystalline B. subtilis aamylase failed to give a band of precipitation with the B. stearothermophilus enzyme also suggests that the band obtained with unabsorbed serum was due to antienzyme present in the unabsorbed serum. That the band of precipitation observed in the cross-reaction is associated with the amylase component of the partially purified B. stearothermophilus preparation and not with one of the antigenic impurities shown to be present was further demonstrated by immunoelectrophoresis. As shown in Fig. 4 , localization of a-amylase activity on starch-impregnated filter-paper imprints of plates showed amylase activity to be associated with the most slowly migrating antigen component which also shows cross-reaction with antiserum R196-2C. The center of curvature of the a-amylase spot on starch-paper coincides with the center of curvature of the single arc obtained with anti-B. subtilis serum (R196-2C). Further evidence for the specificity of the cross-reaction was obtained from cross-neutralization tests.
Neutralization of amylase activity. Anti-B. subtilis sera were capable of neutralizing the amylase activity of partially purified B. stearothermophilus preparations ( Table 2 ). The ability of anti-B. subtilis serum R196-2C to almost completely neutralize the amylase activity added provides additional support for the specificity of the cross-reaction between anti-B. subtilis amylase and the B. stearothermophilus enzyme.
An increase in the cross-neutralizing ability of rabbit antienzyme with prolonged immunization is also apparent. After booster stimulation (Table  2) rabbit R196 increased from 59% (R196-1C) to 96% (R196-2C). Whereas anti-B. subtilis sera R196-1C, R196-2C, and R57-1C showed crossreactivity with the B. stearothermophilus einzyme, a reciprocal cross-reaction between anti-B. stearothermophilus serum R4206-2C and B. subtilis amylase was not observed. No arc of precipitation was found (Fig. 4) when the B. subtilis enzyme was diffused against antiserum R4206-2C, nor did this serum show any ability to neutralize B. subtilis a-amylase activity. Both anti-B. subtilis and anti-B. stearothermophilus sera failed to inhibit activity of B. macerans a-amylase.
Quantitative precipitin study. A quantitative precipitin analysis was carried out with partially purified B. stearothermophilus a-amylase, by use of antiserum to six-times crystallized B. subtilis a-amylase R196-2C. A quantitative precipitin study of the cross-reaction (Fig. 5 ) could be conducted, despite the presence of three components in the antigen preparation, because immunodiffusion (Fig. 3) , immunoelectrophoresis (Fig. 4) , and cross-neutralization (Table 2) showed that only the amylase component of the mixture was involved in the cross-reaction with this serum. In addition, the only antibody present in this antiserum was shown to be anti-B. subtilis a-amylase (Table 1 and Fig. 2) . Due to the presence of impurities in the antigen preparation, the amount of cross-reacting antibody could not be directly determined by subtracting the antigen nitrogen added from the total nitrogen found in washed specific precipitates. Supernatant analyses were therefore carried out by the addition of crystalline B. subtilis enzyme to quantitatively recover unreacted antibody. Since the homologous antibody nitrogen content of the serum was known (144 ,g of antibody nitrogen per 0.25 ml), the amount of cross-reacting antibody could be estimated from this recovery. Analysis of supernatant fractions of the cross-reaction shown in Fig. 5 indicated that only 18%o (27 ,ug) of the total antibody nitrogen to the B. subtilis enzyme present in this serum could be precipitated by the cross-reacting B. stearothermophilus enzyme. A similar study with serum R57-1C showed the presence of only 12 ,ug of cross-reacting antibody nitrogen per 0.25 ml.
Effect of reduction in the presence of ethylenediaminetetraacetic acid (EDTA) and alkylation on cross-reactivity. (Fig. 2, 3 , 4, and Table 1 ). (ii) Serum R196-2C shows crossneutralizing ability and inhibits 96% of the aamylase activity of partially purified B. stearothermophilus (Table 2) . (iii) Diffusion of B. stearothermophilus enzyme against serum R196-2C gives only one band, which shows a reaction of interference or "partial identity" with the B. subtilis-anti-B. subtilis a-amylase system (Fig. 3) . (iv) The cross-reacting system shows only one are of precipitation in immunoelectrophoresis (Fig. 4B). (v) The mobility of the crossreacting antigen differs from that of other components present and corresponds to the mobility of the amylolytic component present (Fig. 4A  and B) .
The heterogeneity of antibodies produced by rabbits in response to immunization with crystalline B. subtilis a-amylase is evident from the extent of cross-reaction obtained with different antisera. Quantitative precipitin studies showed that, whereas only 6% of the total antibody nitrogen was precipitable from antiserum R57-1C by the B. stearothermophilus amylase preparation, 18% of the total antibody nitrogen could be removed from antiserum R196-2C (Fig. 5) .
Although the a-amylases of B. subtilis and B. stearothermophilus show marked differences in their physical and chemical properties (Stein, 1954; Stein and Fischer, 1961; Campbell and Cleveland, 1961; Campbell and M\anning, 1961; Manning et al., 1961) , the immunochemical data presented establish that these two proteins share some antigenic determinants in common. Limited data obtained from immunodiffusion (Fig. 3) show that structural groupings which confer cross-reactivity to the B. stearothermophilus enzyme are lost upon exposure to mereaptoethanol in the presence of EDTA followed by treatment with iodoacetamide.
Immunochemical relationships among bacterial enzymes may not necessarily follow strict taxonomic classification. Pollock (1956 Pollock ( , 1963 demonstrated that penicillinases produced by different strains of B. cereus were not immunochemically identical although constitutive and induced enzyme from given strains could not be immunologically distinguished. .Moreover, while the penicillinases of B. cereus and B. subtilis are immunochemically unrelated (Manson, Pollock, and Tridgell, 1954) , Monod and Cohn (1952) 
